Epidemiological study on obesity and its comorbidities in urban Chinese older than 20 years of age in Shanghai, China Nauru. The prevalence varies not only among regions and countries, but also among races and ethnic groups (1-3). However, at present, there are little data showing the current prevalence of obesity and its comorbidities in Chinese within China, which as a single nation accounts for more than 20% of the world's population.
Subjects and methods
The target population were residents ≥20 years of age who had been living in Shanghai for more than 10 years. Shanghai is a cosmopolitan city with a population of 13 million; it lies in the east of China, south of the Yangtze River. In the past two decades, the economy in Shanghai has developed rapidly. For example, the purchase of electrical equipment (such as TV sets, computers, washing machines and air conditioners) increased by 20% from 1997 to 2000. The lifestyle of Shanghai Chinese has changed markedly as a result of less physical activity and abundant food.
The study conducted was a cross-sectional survey based on an urban community population, with multiple-stage and random sampling. Huayang community, a middleincome community in Shanghai, was selected as the survey population. In this community, 19 378 residents were older than 20 years of age; all were listed by the local administrative institute, and their name, gender, birth date and family address was recorded. According to the epidemiological sampling system, 2850 randomly selected individuals were enrolled in this survey between September 1998 and May 2000. Individuals who suffered from cancer, severe disability and severe psychiatric disturbance were excluded. The investigation team constituted a diabetic specialist, a physician, an epidemiologist, a nurse, local health centre staff and some monitors. The team members were all trained prior to the start of the survey. All participants were interviewed. Informed consent was obtained from each participant before they were permitted to take part in the survey.
Of the 2850 randomly selected subjects, 2776 (20-94 years of age; 1106 male, 1670 female) responded to the survey, a response rate of 97%. The remaining 3% of subjects did not reply. The reasons for lack of response included lost contact because the subject had moved, or absence as a result of business trips on the day of the investigation. Participants attended the local hospital at 06.00-07.00 h after an overnight fast. A self-administered questionnaire was completed in advance. It included questions on the medical history, smoking habits, alcohol intake, diet, physical activity and occupation of the participant.
The anthropometric indices height and weight were measured without shoes and in light clothing. Body mass index (BMI) was calculated as weight divided by height squared (kg m -2 ). Waist and hip circumference were measured in duplicate, with subjects standing relaxed and in underclothes only. Waist circumference (WC) was measured at the horizontal point between the costal margin and iliac crests that yielded the minimum measurement. Hip circumference was measured at the horizontal level around the buttocks that yielded the maximum measurement.
Biochemical indices
After a fasting venous blood sample had been taken, each participant was tested using the 75-g oral glucose tolerance test (OGTT), except for those with a validated history of diabetes mellitus. Plasma glucose was measured by using the glucose oxidase method. Serum lipid profile, including total cholesterol (TC), triglyceride (TG), high-density and low-density lipoprotein cholesterol (HDL-c, LDL-c), was also measured using an automated biochemical instrument (BT2000, SP.A., Rome, Italy). Serum insulin was measured by radioimmunoassay based on the double-antibody technique (DPC, Los Angeles, USA). All control values were consistent with the standard recommended by the Shanghai clinical test centre.
The criteria for obesity and its comorbidities were as follows: type 2 diabetes, impaired glucose tolerance and impaired fasting glucose were diagnosed according to World Health Organization (WHO) 1999 criteria (1, 4 . No subject with a BMI value of ≥40 kg m -2 was found in our study (Fig. 1) . The mean BMI was higher in women than in men (23.9 ± 3.7 vs. 23.6 ± 3.2 kg m -2
, P-value = 0.01).
Among this survey population, 91.4% of the men had a WC of <94 cm while 64.9% of the women had a WC of <80 cm. The mean WC was higher in men than in women (80.8 ± 9.3 cm vs. 76.2 ± 10.2 cm, P-value = 0.0001). After age stratification, the peak frequency distribution of WC was shifted to the right with ageing, and this effect was more evident in women. Among women older than 60 years of age, the WC further increased so the values were similar in both sexes, i.e. 82.6 ± 9.5 cm in men and 81.0 ± 10.6 cm in women (Fig. 2) .
Of the 1106 male individuals and 1670 female individuals, the waist : hip ratio (WHR) in 58.1% of men was <0.90, while the WHR in 58.8% of women was <0.85 (Fig. 3) . The mean WHR was higher in men than in women (0.88 ± 0.07 cm vs. 0.83 ± 0.08 cm, P-value = 0.0001).
The number of participants in each age-group were as follows: 212 (7.6%) in the 20-29 years age-group; 521 (18.8%) in the 30-30 years age-group; 744 (44.6%) in the 40-49 years age-group; 384 (13.8%) in the 50-59 years age-group; 477 (17.2%) in the 60-69 years age-group; 381 (13.7%) in the 70-79 years age-group; 52 (1.9%) in the 80-89 years age-group; and five (0.18%) in the ≥90 years age-group (Table 1 ). The population older than 60 years of age accounted for nearly one-third of the population in this community, but there were only five subjects older than 90 years of age. After age and gender stratification, it was observed that the average BMI, WC and WHR increased with age; however, after 70 years of age, the average value of those anthropometric parameters decreased.
The biochemical parameters in each age and gender subgroups are listed in Table 2 . Average systolic pressure was elevated with increased age. However, the mean values of diastolic pressure, fasting and postprandial glucose, total cholesterol, TG and LDL-c increased with ageing only up to 70 years. The average HDL-c value decreased with ageing before 70 years, but after 70 years, the worsening trend of lipid and glucose profile disappeared.
The prevalence of obesity and its comorbidities
Age-and gender-adjusted prevalences of obesity and its comorbidities in this urban community population were as follows: overweight, 29.5%; obese, 4.3%; diabetes, 9.8%; impaired glucose regulation (IGR), 10.8%; hypertension, 58.4%; high TC, 21.0%; low HDL-c, 12.2%; high LDL-c, 30.2%; high TG (>200 mg dL ), 54.7%; and metabolic syndrome, 10.2% (Table 3) .
With ageing, the prevalence of overweight, obesity and its comorbidities were all elevated, but in the subgroup >80 years of age, the prevalences of overweight, diabetes and different types of dyslipidaemia decreased gradually. Of the five subjects >90 years of age, BMI, lipid profile and fasting glucose were almost normal, and moreover, the metabolic syndrome was not found ( Table 4) .
The relationship between anthropometric indices and obesity-related diseases
All subjects were divided into six BMI subgroups from BMI <18.5 kg m -2 to BMI 30 kg m -2 (Table 5 ). The prevalence of diabetes, IGR and metabolic syndrome were significantly elevated, with BMI increasing. Among the subjects with a BMI of 23-25 kg m -2 , the prevalence of diabetes, IGR and metabolic syndrome was 12%, 11% and 9.4%, respectively. If the risk of obesity-related disease with a BMI of 18.5-23 kg m -2 was defined as 1.0, the relative risk of diabetes, IGR and metabolic syndrome with a BMI of 23-25 kg m -2 were 2.3, 1.8 and 2.7 times higher than the risk in subjects with a BMI of 18. Of the 2776 subjects, 95 men had a WC of >94 cm and 464 men had a WHR of >0.90; 587 women had a WC of >80 cm and 688 women had a WHR of >0.85. In those subjects, the prevalence of hyperglycaemia, hypertension and dyslipidaemia was two to three times higher in comparison to those with a lesser WC (men: WC <94 cm; women: WC <80 cm) or with a lesser WHR (men: WHR <0.90; women: WHR <0.85). Surprisingly, the prevalence of metabolic syndrome was significantly increased, being four to five times higher in the same subgroups (Table 6 ).
Discussion
During the last two decades, two national nutritional surveys have been undertaken (in 1982 and 1992) in 40-49 years age-group: men 80.2 ± 5.1 cm, women 74.8 ± 3.9 cm; (d) 50-59 years age-group: men 82.1 ± 6.8 cm, women 77.9 ± 6.3 cm; (e) >60 years age-group: men 82.6 ± 9.5 cm, women 81.0 ± 10.6 cm. Data are expressed as mean values (95% confidence interval). DP, diastolic pressure; FPG, fasting plasma glucose; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; PPG, postprandial glucose; SP, systolic pressure; TC, total cholesterol; TG, triglyceride. Data are expressed as n and prevalence (%). High LDL-c, high LDL cholesterol; high TG, high triglyceride; IGR, impaired glucose regulation; low HDL-c, low HDL cholesterol; high TC, high total cholesterol. Note: comparison between men and women: *P < 0.05, **P < 0.01, ***P < 0.0001. ) in subjects 20-70 years of age was 10% and 15%, respectively, and obesity (BMI ≥30 kg m -2 ) was less than 3%. However, our data demonstrated that the prevalence of overweight and obesity showed a significant increase, by 29.4% and 4.3%, respectively, in an urban community background population. The increasing trend was more evident in those who were overweight. The age-adjusted prevalence in men of overweight was 30.2% and that of obesity 2.4%, with a female prevalence of overweight of 29.0% and that of obesity 5.5%. The prevalence of obesity in women was significantly higher than that in men (P < 0.01). Although the prevalence of obesity was lower in China compared with that of western countries, the overall fat mass-related metabolic disorders were also common. The prevalence of diabetes, IGR and metabolic syndrome in the subjects with a BMI of 25-30 kg m , which was known as the 'normal range of BMI', the prevalence of diabetes and IGR was 12% and 11.2%, the relative risk being increased more than twice. In the population studied, more than one-third had a higher WHR (≥€0.9 in men and ≥0.85 in women), which indicates that abnormal body fat distribution (abdominal obesity) is probably related to the metabolic disorders.
In addition to the effect of body fat mass on health, it was important that ageing also contributed to the higher prevalence of overweight and its related disorders. In subjects younger than 50 years of age the prevalence of diabetes and metabolic syndrome were no more than 5%; while the prevalence in subjects of the 50-59 years agegroup were nearly 12.2% and 11.2%. The peak prevalence of overweight/obesity and its related metabolic diseases occurred in the 60-79 years age-group. Interestingly, in those >80 years of age, the prevalence of diabetes, dyslipidaemia and overweight/obesity were lower than those in the 60-79 years age-group. Notably, the five individuals >90 years of age did not suffer from overweight, diabetes and metabolic syndrome. This phenomenon implies that subjects with a longer life span have either no or only mild metabolic disorders. In younger age-groups (20-40 years of age) there was a relatively higher prevalence of overweight (19.5%) and IGR (6%), which may predict the incremental incidence of diabetes in individuals older than 50 years.
Conclusion
Although the prevalence of obesity in Chinese subjects >20 years of age was lower than that of other countries, approximately one-third of the subjects were overweight and had an abnormal body fat distribution (abdominal obesity). Once, however, the BMI was >23 or the WC >94 cm in men and >80 cm in women, or the WHR was >0.90 in men and >0.85 in women, it was clear that both generalized and regional body fat deposition affected the incidence of risk factor abnormalities and ill-health, viz. diabetes, hypertension and metabolic syndrome. These increases were superimposed on much higher age-and gender-specific rates of diabetes, hypertension and metabolic syndrome than those reported in Caucasian groups .
